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Which may be conjugated With a variety of attachment mol

ecules, such as BSA, KLH, biotin, synthetic protein MAPS,
IgY, streptavidin, or avidin, are described. Such oxidized
cardiolipin, alone or complexed With one or more attachment

molecules, are useful to detect anti-lipoidal antibodies (such

as IgG and IgM antibodies) in subjects, for example, When
used in ELISA plates. ELISA plates are described that permit
the detection of anti-lipoidal antibodies and that permit the
co-detection of nontreponemal and treponemal antibodies in

biological samples.
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OXIDIZED CARDIOLIPIN AND USES TO
DETECT CARDIOLIPIN ANTIBODIES

by in?ammation of the covering of the brain and spinal cord
and/or changes in the vasculature of the brain. Infected per
sons are also contagious in the secondary phase.
The next stage of this disease is latent syphilis or the hidden
stage. During this stage, the infected person appears to have
recovered and is asymptomatic. This stage lasts for life in

CROSS REFERENCE TO RELATED
APPLICATIONS

approximately two thirds of persons who are not treated for

This is a continuation-in-part application of US. applica
tion Ser. No. 13/027,224 ?led Feb. 15, 2011, pending, which

syphilis. During the ?rst year of latency, relapses of second
ary stage symptoms may occur. Except during a relapse,
infected persons are not contagious during this latent stage;
however, children born to latently infected mothers within
four years of the appearance of the primary chancre may

is a continuation of US. application Ser. No. 12/094,144 ?led
May 16, 2008, now US. Pat. No. 7,888,043, which was the

US. National Stage of International Application No. PCT/
US2006/044572, ?led Nov. 17, 2006, which was published in
English under PCT Article 21(2), which in turn application
claims the bene?t of US. Provisional Application No.
60/737,901, ?led Nov. 18, 2005, which is incorporated herein

contract congenital syphilis.
Tertiary or late syphilis is the ?nal stage of untreated infec
tion. This stage may occur as early as one year after infection
or anytime thereafter with 10 to 20 years being most common.

by reference in its entirety.

Benign syphilis, characterized by lesions called gummas, can
occur in the bone, skin, and internal organs. Death is rare, but

ACKNOWLEDGMENT OF GOVERNMENT
SUPPORT

severe dis?gurement and pain can occur. Cardiovascular
20

STD, and TB Prevention, Division of AIDS, STD, and TB

as well as manifest as late stage symptoms. In the late stage

Laboratory Research, Laboratory Reference and Research
Branch, Centers for Disease Control and Prevention, an
agency of the United States Government.

disease, neurosyphilis may be asymptomatic or the patient
25

dementia, insanity, impairment of mobility, blindness, deaf
The immune response in syphilis involves production of (i)
treponemal antibodies, which are speci?c for T pallidum
30

FIELD
35

tions and uses therefor; in particular, to methods of immobi
lizing oxidized cardiolipin to a solid support, and related

immunoassays (such as ELISA), which assays and devices
are useful, for example, for detection of anti-lipoidal IgG and
IgM antibodies and/or diagnosis of disease (such as syphilis).

antigens, and (ii) anti-lipoidal antibodies, which recognize
lipoidal material released from damaged host cells, lipopro
tein-like material and possibly cardiolipin released from the
treponemes. The mainstay of syphilis screening and diagno

Scienti?c, Inc.

This disclosure relates to oxidized cardiolipin composi

may have severe neurologic problems such as possible
ness, or even death.

JOINT RESEARCH AGREEMENT

There is a joint research agreement in place between the
Centers for Disease Control and Prevention and Arlington

syphilis is characterized by aortic aneurisms as well as other

cardiovascular problems and frequently results in death. Neu
rologic involvement may occur in the early stages of syphilis

This invention was made by the National Center for HIV,

sis is serological testing for either or both of these two types
of antibodies. The nontreponemal or heterophile antibodies
(reagin) directed against cardiolipin are released from dam
aged host cells and from the treponemes themselves. These
antibodies can also be present in other diseases and human

40

conditions such as lupus, malaria, HIV, IV drug users, etc.
The presence of nontreponemal antibodies is indicative of
active infection; thus a reduction in titer can suggest a suc

cessful antibiotic therapy, and a signi?cant increase can indi
cate a possible relapse or reinfection. The treponemal anti

BACKGROUND

Syphilis is a sexually transmitted disease (STD) caused by
the spirochete bacterium Treponema pallidum. Over 100,000

bodies are primarily directed against speci?c lipoprotein
45

addition, the disease is transmitted congenitally and affects

and old case of syphilis.

3000 or more infants annually. The course of syphilis infec
tion spans many years and may lead to a variety of clinical

presentations, which are characterized by four stages.
The primary stage of syphilis infection occurs 10-100 days
after bacterial infection, and is characterized by the appear

50

ance of one or more chancres (red, bloodless, painless ulcers

(RPR) test) monitor, either microscopically (e.g., VDRL test)
55

The secondary stage of syphilis infection is characterized

inexpensive and convenient to perform on large numbers of

specimens. Moreover, because anti-lipoidal antibody titers
60

resemble warts, pustules, or ulcers. Left untreated, they heal
in 2-12 weeks without scarring. Fever, sore throat, weakness,

weight loss, swelling of the lymph nodes, and loss of the
eyelashes and/or part of the eyebrows can also occur during
this stage of infection. In addition, the symptoms may
progress to meningovascular syphilis, which is characterized

or macroscopically (e.g., RPR test), the formation of a ?oc

culent comprised of antigen-antibody complexes. Non-tre
ponemal tests have the advantage of being widely available,

scar. Infected persons are contagious during this stage.
by rash-like skin lesions that can cover part or all of the body.
The skin lesions are generally painless and appear 1-6 months
after the onset of the initial chancre(s). The skin lesions can

Tests for anti-lipoidal antibodies (often called “non-tre
ponemal tests”) are typically based on an antigen composed

of naturally occurring cardiolipin, cholesterol and lecithin.
The widely used non-treponemal tests (e. g.,Venereal Disease
Research Laboratory (VDRL) test and Rapid Plasma Reagin

typically less than 1 cm in diameter). The chancres may
appear on the genitalia or elsewhere on the body. A chancre
lasts 3-6 weeks and heals without treatment, leaving a small

antigens of the bacterium. Even after treatment or time, these

antibodies usually remain present for life. Thus, a positive
treponemal test cannot distinguish between active, treated,

cases of adult syphilis are reported worldwide each year. In

65

decrease with successful treatment for syphilis, eventually
disappearing in most patients, while treponemal antibodies
titers remain high for years or even a lifetime, non-treponemal
tests are considered the better choice for monitoring treat
ment or testing for reinfection.
Treponemal tests are based on antigens derived from T

pallidum and include the T pallidum particle agglutination
(TP-PA), the ?uorescent treponemal antibody-absorbed test

US 8,778,619 B2
3
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(ETA-ABS) and enzyme immunoassays. Treponemal tests
are used primarily to verify reactivity in non-treponemal

plate) while maintaining the antigenicity and speci?city of

clinical impression of syphilis in which the non-treponemal

the antigen for anti-lipoidal antibodies was previously
described (see e.g., US. Pat. No. 7,888,043). Using methods
described herein, it is possible to create cardiolipin-attach

test is nonreactive. Treponemal tests are technically more

ment molecule complexes, which can be attached to a variety

tests. The treponemal test may also be used to con?rm a

dif?cult, time consuming, and expensive to perform and can

of solid supports. Oxidized and activated cardiolipin can be

not be used to monitor treatment because the test will remain
reactive for years or a lifetime in approximately 85% of

conjugated to macromolecules (e.g., BSA, KLH, chicken IgY
antibody, or avidin), thus permitting attachment to a solid
substrate. In other examples, oxidized and activated cardio
lipin can be attached to a solid substrate containing amine

persons successfully treated for syphilis.
Each of the above-described antibody tests is performed

groups. The ability to attach the immunogenic cardiolipin

using a serum sample that is obtained in a clinical setting and
sent to a laboratory for analysis. Therefore, test results are

complex in this manner allows it to be used in non-solution

based immunoassays, such as ELISAs and immunoassay
devices for testing of non-treponemal antibodies. In certain

typically not available for several days after the sample is
collected. Because of the frequent dif?culty of tracing
patients with STDs, the development of a rapid, point-of-care

embodiments, disclosed immunoassay devices also incorpo
rate treponemal antigens that are recognized by T pallidum,
such that the device conveniently concurrently detects both
non-treponemal and treponemal antibodies.
In one particular example, fatty acid side-chains of cardio

test is needed to aid the clinician in making a judgment,

preferably on the day of testing.
Immunoassay devices, which offer rapid, on-site results,
are available to qualitatively test serum levels of treponemal

antibodies (e.g., DiaSys Corporation; ACON Laboratories,
Inc.; Biokit, S. A.; Genix Technology; Standard Diagnostics;

20

BSA) that is readily attachable (or already attached) to a solid

Cortez Diagnostics, Inc.; and Phoenix Bio-Tech Corp). How
ever, analogous tests for anti-lipoidal antibodies have been
more dif?cult to develop at least in part because the hydro

phobic antigens of the anti-lipoidal antibodies (e.g., cardio

lipin are oxidized to provide at least one terminal carboxyl
group, which is then cross-linked to a polypeptide (such as

support (such as the permeable substrate of a multi-well

plate).
25

Thus, the disclosure provides method of making oxidized

lipin) resist attachment to solid supports, which is one ele
ment of an immunoassay device. In addition, methods that

cardiolipin and solid supports, such as a multi-well plate, that
include the oxidized cardiolipin that is immunoreactive with

permit quantitative detection of non-treponemal I gG and IgM

anti-lipoidal antibodies, wherein the oxidized cardiolipin

antibodies using enzyme immunoassays (EIAs) are not com

mercially available.

30

According to some experts, syphilis detection would be
further aided by a combination of a non-treponemal test and
a treponemal test for screening and diagnostic purposes. This

of the cardiolipin to provide terminal carboxyl groups on one
or more of the side chains, adding a reducing agent to the

is an approach advocated by the World Health Organization,

Treponemal Infections, Technical Report Series 674, Geneva:
WHO, 1982. An easy-to-use, rapid, point-of-care test capable
of concurrently detecting both non-treponemal and trepone

includes a central glycerol moiety and fatty acid side chains.
In one example, the oxidized cardiolipin is generated by a
method that includes reacting the cardiolipin with a periodate
salt and a permanganate salt to oxidize fatty acid side chains

35

cardiolipin suspension after reacting the cardiolipin with the
periodate salt and the permanganate salt to quench oxidation
of the cardiolipin and to reduce a [3-ketone formed in the
central glycerol moeity to a [3-hydroxyl group so as to retain

mal antibodies would help address this long-felt need.

immunogenicity of the central glycerol moiety, and activating
SUMMARY

40

The present disclosure provides an assay for the detection
of non-treponemal antibodies (NTA), or both NTA and TA. In

least one of the carboxyl groups or to permit attachment of the
oxidized cardiolipin to an amine. In some examples, such a

some examples, such a method can be used instead of the

currently available conventional test (RPR or VDRL) for the

45

detection of NTA. In some examples, the disclosed methods
are automated, free from interpretational error and permit
ef?cacy of treatment to be monitored.
Efforts to develop non-solution immunoassays for non

treponemal testing (or combined non-treponemal and tre
ponemal testing) have been frustrated by the dif?culty of

linked immunosorbent assay (ELISA) multi-well plate, are
50

antibodies, such as cardiolipin, to a solid substrate, such as an

ELISA plate. The very small size of the cardiolipin molecule

quantitative measurement). In some examples the methods
include contacting or adding a biological sample from a sub
ject with or to the disclosed solid supports and then detecting
formation of a complex among an anti-lipoidal antibody (e. g.,

cardiolipin also imparts a high degree of hydrophobicity to
the molecule that makes it dif?cult to bind cardiolipin to polar
surfaces, such as nitrocellulose, latex beads, or the plastic of

and cholesterol) to a solid substrate (such as a multi-well

also provided. In some examples, such methods permit diag
nosis of syphilis, determine the stage of syphilis infection
(such as monitoring the progression of the disease), permit
monitoring of syphilis therapy, or combinations thereof. In
some examples, the methods permit detection of NTA IgM
and IgG antibody content in a sample (such as a qualitative or

55

strate. The nonpolar nature of the fatty acid side chains of

immunoassay plates. Although the size of the molecule could
be increased by conjugating the cardiolipin to larger mol
ecules (such as proteins), such conjugations have resulted in
the loss of antigenicity of the cardiolipin.
A method that permits attachment of cardiolipin (or lipoi
dal antigens comprising cardiolipin modi?ed as described
herein, phosphatidylcholine (also referred to as “lecithin”),

solid support also includes a treponemal antigen that reacts
with antibodies to T pallidum, thus permitting detection of
TAs and NTAs in a sample.
Methods of using the solid supports, such as an enzyme

attaching antigens speci?cally recognized by anti-lipoidal
has resulted in poor localization of the molecule on the sub

the carboxyl groups of the oxidized cardiolipin to covalently
attach a protein carrier (e. g., BSA, KLH, avidin, or IgY) to at

IgG, IgA, and/or IgM) in the biological sample and the oxi
60

dized cardiolipin on the solid support. Detection of the com

plex can diagnose syphilis, determine an amount of IgG, IgA,

and/or IgM present, determine the stage of syphilis infection,
determine whether a treatment is working in a patient, or
65

combinations thereof. In some examples, the method also
includes contacting with or adding to the solid support a
labeled anti-human antibody, such as a labeled goat-anti
human IgG, labeled goat-anti human IgM, or both. In some

US 8,778,619 B2
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examples, the method also includes contacting with or adding

unmodi?ed cardiolipin and unmodi?ed lecithin in t-butanol;
(B) an oxidized cardiolipin/lecithin mixture; (C) the upper,
t-butanol phase following the oxidation of a cardiolipin/leci

to the solid support a labeled cardiolipin molecule (such as a

biotin-labeled cardiolipin, which can be detected using
labeled streptavidin), which can bind to the anti-lipoidal anti

thin mixture; and (D) the lower, aqueous phase following the

body/oxidized complex on the solid support (if present).

treponemal antigens (TAs) in the sample (or determining if

oxidation of a cardiolipin/lecithin mixture. The direction of
migration of each sample is shown by an arrow.
FIG. 9 shows the chemical structures of four representative

TAs are present in the sample). Any method to detect TA can

naturally occurring phosphatidylcholine (lecithin) mol

In some examples, the method further includes detecting

be used, such as an EIA, Treponema pallidum particle agglu

ecules. For L-(x-phosphatidylcholine (heart, bovine), the

tination assay (TPPA), or the Rapid Test assay. In some
example, TAs are detected in the same multiwell plate as
NTAs are detected, and in some examples in the same well
(wherein detection of NTAs and TA occurs using different
detectable labels.
The foregoing and other features will become more appar

molecular formula is C42H80NOSP, the molecular weight is
758.07, the molecular weight (isotope) is 757.562157, and
the percent composition is C 66.55% H 10.64% N 1.85% O

16.88% P 4.09%. For L-(x-phosphatidylcholine, plasmalogen
(heart, bovine), the molecular formula is C42H80NO7P, the
molecular weight is 742.07, the molecular weight (isotope) is

ent from the following detailed description of several
embodiments, which proceeds with reference to the accom

741 .567242, and the percent composition is C 67.98% H
10.87% N 1.89% O 15.09% P 4.17%. For L-(x-phosphatidyl

panying drawings.

choline, ether (heart, bovine), the molecular formula is
C42H82NO7P, the molecular weight is 744.09, the molecular

BRIEF DESCRIPTION OF THE FIGURES

20

weight (isotope) is 743.582893, and the percent composition
is C 67.80% H 11.11% N 1.88% O 15.05% P 4.16%.
FIG. 10 shows a digital image of a dot blot assay used to

FIG. 1 shows digital images of steps in the oxidation of

cardiolipin. (A) Unmodi?ed cardiolipin in t-butanol; (B) car

determine the antigenicity of six oxidized cardiolipin/leci

diolipin reaction mixture after the addition of sodium m-pe

thin-BSA or -KLH conjugates. The amounts of the respective
antigens applied to each dot in the assay are given in the table
below the blot.
FIG. 11 is a diagram showing how the disclosed oxidized
cardiolipin coated multi-well plates disclosed herein can be
used to detect anti-cardiolipin antibodies.
FIG. 12 is a ?ow diagram showing an exemplary algorithm

riodate and potassium permanganate; (C) cardiolipin reaction

25

mixture after the addition of sodium bisul?te; and (D) two

phase solution obtained after centrifugation of mixture (C),
wherein several oxidized forms of cardiolipin are predomi
nantly found in the upper, t-butanol phase.

FIG. 2 shows digital images of thin-layer chromatographs
of cardiolipin preparations. (A) Unmodi?ed cardiolipin in
t-butanol (see FIG. 1A); (B) an oxidized cardiolipin prepara
tion; (D1) the upper, t-butanol phase following a cardiolipin
oxidation reaction (see FIG. 1D); and (D2) the lower, aqueous
phase following a cardiolipin oxidation reaction (see FIG.
1D). The direction of migration of each sample is shown by an
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for analyzing a sample for non-treponemal antigens (NTAs)
using the multi-well ELISA plates herein disclosed.
FIG. 13 is a graph showing the cumulative sensitivity of the
35

cardiolipin RPR titer and the optical density of the disclosed
nontreponemal screening EIA assay. The lower the antibody

arrow.

FIG. 3 shows a schematic oxidation reaction of an exem

titer RPR reactive 1 : 1 (R1) the closer to the x axis. The greater

plary cardiolipin molecule that contains four 18-carbon, di

the RPR titer 1:1024 (R1024) the greater the OD value.
FIG. 15 shows the common patterns of serological reactiv

unsaturated fatty acid chains. The illustrated cardiolipin reac
tion products have either one or four oxidized fatty acid side
chains. In practice, the oxidation reaction products would
also include oxidized cardiolipin species where any two or
three of the fatty acid chains were oxidized to carboxyl
groups.
FIG. 4 shows a schematic reaction useful for covalently

ity in syphilis patents.
DETAILED DESCRIPTION
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linking oxidized cardiolipin to amine-containing attachment
molecules, such as a protein. In the illustrated example, the
attachment molecule is BSA.
FIG. 5 shows a digital image of a dot blot assay used to
determine the antigenicity of an oxidized cardiolipin-BSA

I. Introduction

As shown in FIG. 3, cardiolipin includes a central immu

nogenic glycerol moiety with fatty acid side chains. This
50

speci?cation discloses methods for preparing oxidized car
diolipin that is capable of being attached to a substrate (for
example via an amine group or via a protein carrier), while

conjugate (“Preparation 5” in Table 2).

retaining the ability of the central glycerol moiety to be
immunoreactive with anti-lipoidal antibodies. Also provided

FIG. 6 shows a digital image of ?ve different physical
embodiments of lateral ?ow devices that could be used with
the disclosed methods. The device embodiments shown in

disclosed assay.
FIG. 14 is a graph showing the correlation between the

are solid substrates, such as a multi-well plate, which includes

(A), (B) and (E) are con?gured so that each may be dipped
into, or partially submerged in, the sample or a sample-con
taining solution. The device embodiments shown in (C) and

the oxidized cardiolipin attached thereto. In some examples,
cardiolipin is reacted with a periodate salt (such as sodium
m-periodate) and a permanganate salt (such as potassium
permanganate) to oxidize at least one of the fatty acid side

(D) are con?gured so as to receive a volume of the sample (or

chains of the cardiolipin to provide terminal carboxyl groups

a sample-containing solution) dropwise into a sample intro
duction port.

on one or more of the side chains, then a reducing agent (such
as a bisul?te salt) is added to quench oxidation of the cardio
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FIG. 7 is a perspective view of a physical embodiment of a

lipin and to reduce a [3-ketone formed in the central glycerol

lateral ?ow device, with a portion of the housing broken away
to show the basic components of the device and their rela
tionship to each other.
FIG. 8 shows a digital image of a thin-layer chromatograph
of an oxidized cardiolipin-lecithin mixture. (A) A mixture of

moeity to a [3-hydroxyl group so as to retain immunogenicity

of the central glycerol moiety. The carboxyl groups of the
65

oxidized cardiolipin are activated to covalently attach a pro
tein carrier to at least one of the carboxyl groups or to permit
attachment of the oxidized cardiolipin to an amine (such as a

US 8,778,619 B2
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protein carrier or an amine present in one or more wells of a

antibody and the immobilized oxidized cardiolipin can be

multi-well plate). Activating the carboxyl groups is achieved

detected to determine the presence and/or amount of the

in particular examples by reacting the oxidized cardiolipin

anti-lipoidal antibody in a ?uid sample. In some embodi
ments of a lateral ?ow device, a conjugate pad is placed in the
path of ?ow from the sample application area to the cardio
lipin capture area. The conjugate pad includes a mobile or
mobilizable detector reagent for an anti-lipoidal antibody,
such that ?ow of liquid through the pad moves the detector

with a carbodiimide, such as 1-ethyl-3-(3-dimethylamino

propyl)carbodiimide (EDC) and a succinimide such as N-hy

droxysuccinimide (NHS). A protein carrier (such as, bovine
serum albumin (BSA), keyhole limpet hemocyanin (KLH),
IgY, or avidin), or biotin, is then covalently attached to at least
one of the activated carboxyl groups.
The cardiolipin can be reacted with the periodate salt
before the cardiolipin is reacted with the permanganate salt.

reagent to the cardiolipin capture area. Formation of a com

plex including the detector reagent, anti-lipoidal antibody
(analyte), and immobilized cardiolipin provides a visible or
otherwise detectable indicator of the presence of the anti

In particular embodiments, the oxidation reaction with the

lipoidal antibody in a biological specimen. In alternative

cardiolipin occurs in an alcohol solvent, under an argon atmo
sphere. Examples of suitable alcohol solvents are one or more

embodiments (including lateral ?ow or ?ow-through
devices), the detector reagent is not supplied in a conjugate
pad, but is instead applied to the substrate or sample, for
example from a developer bottle.
Examples of detector reagents include labeled oxidized
cardiolipin or labeled anti-human antibody, in which the label

of t-butanol, ethanol, propanol, or methanol. The molar ratio
of sodium m-periodate to cardiolipin is about 4:1 to about 5: 1,
and the molar ratio of potassium permanganate to cardiolipin
is about 0.5 :1 to about 1:1. In some examples, the bisul?te salt
is sodium bisul?te.
Also disclosed herein are methods for preparing oxidized
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t-butanol solvent under an argon atmosphere to oxidize the
cardiolipin and provide terminal carboxyl groups on one or
more of the side chains. Sodium bisul?te in aqueous solution

sorbed iron particle, protein-adsorbed copper particle, pro
tein-adsorbed selenium particle, protein-adsorbed sulfur par

ticle, protein-adsorbed tellurium particle, protein-adsorbed
25

is then added to the cardiolipin suspension to quench oxida
tion of the cardiolipin and to reduce a [3-ketone formed in the
central glycerol moeity to a [3-hydroxyl group so as to retain
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immunogenicity of the central glycerol moiety. The terminal
carboxyl groups of the oxidized cardiolipin are then activated
by reacting the oxidized cardiolipin with EDC and then NHS,
followed by covalently conjugating a protein carrier to at least
one of the carboxyl groups.
The oxidized cardiolipins can then be attached to a sub
strate. For example, the terminal carboxyl groups can be used
to attach the cardiolipin to polypeptide carriers or amino
groups present on a solid substrate, such as in the wells of a
multi-well plate (such as an ELISA plate), or to a lateral ?ow

is one or more of an enzyme, colloidal gold particle, colored

latex particle, protein-adsorbed silver particle, protein-ad

cardiolipin that is immunoreactive with anti-lipoidal antibod
ies, and capable of linking to a polypeptide for attachment to
a substrate. Such methods include reacting the cardiolipin
with sodium m-periodate and potassium permanganate in a
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carbon particle, or protein-coupled dye sac.
Certain immunoassay device embodiments (such as multi
well plates, lateral ?ow or ?ow-through devices) also include
a treponemal capture area (e.g., in particular wells of the
multi-well plate or in the ?ow path from the sample applica
tion area). Such treponemal capture area may include, for
example, an immobilized treponemal antigen having a spe
ci?c binding a?inity for an anti-T pallidum antibody or an

immobilized anti-T pallidum antibody having a speci?c
binding a?inity for a T pallidum organism or T pallidum
antigen. The captured T pallidum antibody, organism or anti
gen can be detected by a detector reagent speci?c for the

treponemal antibody, organism, or antigen. Thus, a lateral
?ow device may also have a mobile or mobilizable detector
40

substrate (such as a nitrocellulose strip). The ability to pro

reagent speci?c for the treponemal antibody or antigen in the
conjugate pad. A detector reagent for the treponemal antibody
or antigen may be in the same or a different pad than the

vide the oxidized cardiolipin permits the cardiolipin to be

detector reagent for the anti-lipoidal antibody. In particular

reliably attached to a solid substrate. Such solid substrates can

embodiments, a detector reagent speci?c for an anti-T palli

also include a treponemal antigen that reacts with antibodies
to T pallidum. The presence of both a cardiolipin-polypeptide
conjugate and a treponemal antigen on (or in) the same solid

dum antibody includes labeled (e.g., gold-conjugated) Pro
45

tein A, labeled (e.g., gold-conjugated) Protein G, or labeled

(e.g., gold-conjugated) anti-human antibody. In other

support conveniently allows rapid clinical testing for both

embodiments, detector reagent for a treponemal antigen can

anti-lipoidal and anti-treponemal antibodies in the same bio

be a labeled (e.g., gold-conjugated) anti-treponemal antigen

logical specimen.
Also disclosed herein are immunoassay devices (such as

antibody.
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The disclosed immunoassay devices can be used in meth

multi-well plates, lateral ?ow or ?ow-through devices) for

ods for diagnosing syphilis in a subject by analyzing a bio

determining the presence and/ or amount of an anti-lipoidal
antibody in a ?uid sample. In one example, the multi-well
plate, such as an ELISA plate, includes attached to the wells
thereof amino groups or carrier proteins, to which the oxi
dized cardiolipin can be attached using routine methods.

logical sample from the subject, by applying the biological
55

between the anti-lipoidal antibody (e.g., IgG, IgA, and/or
IgM) in the sample and the oxidized cardiolipin attached to
the solid support. In some examples the complex further

In one example a lateral ?ow device typically include a

sample application area and a separate cardiolipin capture
area in which an immobilized cardiolipin-polypeptide conju

gate is provided which conjugate has a speci?c binding a?in

sample to the device (e.g., contacting the sample with the
device, for example by introducing the sample into wells of a
multi-well plate) and detecting formation of a complex

60

includes a detector reagent (e.g., a labeled anti-human anti
body, such as a labeled goat-anti human IgG, a labeled goat

ity for a mobile-phase anti-lipoidal antibody. Any liquid (such

anti human IgM, or both). For example, the multi-well plate

as a ?uid biological sample) applied in the sample application
area ?ows along a path of ?ow from the sample application

can be contacted with a mixture containing both a labeled

area to the cardiolipin capture area. The path of ?ow may
continue to a downstream absorbent pad associated with the
immunoassay device, which acts, at least in part, as a liquid
reservoir. Formation of a complex between the anti-lipoidal

can be contacted separately with a labeled goat-anti human
IgG or a labeled goat-anti human IgM (e. g., a ?rst multi-well
plate or particular wells of the plate can be contacted with
labeled goat-anti human IgG and a second multi-well plate or

goat-anti human IgG and a labeled goat-anti human IgM, or
65

US 8,778,619 B2
9

10
PEG Polyethylene glycol

particular wells of the plate can be contacted with labeled
goat-anti human IgM). In some examples, the e label is horse
radish peroxidase (HRP) and the method further includes

PVA Polyvinyl alcohol

PVP Polyvinyl pyrrolidone

contacting the solid support (e.g., multi-well plate) with tet

SDS Sodium dodecyl sulfate

ramethyl benzidine (TMB) and wherein detecting comprises

TA: Treponemal antigen
TLC Thin layer chromatography

detecting a signal spectrophotometrically at 450 nm. Detec
tion of the formation of the complex detects an anti-lipoidal
antibody associated with infection with syphilis. In those
embodiments in which the device includes a conjugate pad in
the path of ?ow from the sample application area to the

Unless otherwise noted, technical terms are used according
to conventional usage. De?nitions of common terms in

molecular biology may be found in Benjamin Lewin, Genes

V, published by Oxford University Press, 1994 (ISBN 0-19
854287-9); Kendrew et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995

cardiolipin capture area, the detected complex includes the
mobile or mobilizable detector reagent. In other embodi
ments in which the detector reagent is applied to the device
from an external source, the detected complex includes the

externally applied detector.
In one embodiment of the method, the solid support (e. g.,

(ISBN 1-56081-569-8).

multi-well plate or lateral ?ow device) is capable of detecting

In order to facilitate review of the various embodiments of

both the anti-lipoidal antibodies (that are an indicator of

the disclosure, the following explanations of speci?c terms

active infection) and anti-treponemal antibodies (that verify
reactivity of the non-treponemal test). In those embodiments
of the device which include the treponemal antigen, the
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Activating Carboxyl Groups:
Activation of a carboxyl group refers to the reaction of a

method includes detecting formation of a complex between

carboxyl group with an agent (or agents), such as a carbodi

the anti-T pallidum antibody, the immobilized treponemal
antigen (for example immobilized in the same or a different
well as the oxidized cardiolipin), and a detector reagent. As

imide (e.g., l-ethyl-3-(3-dimethylamino propyl)carbodiim
25

ide), to form a nucleophile-reactive derivative, such as an
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O-urea derivative. The nucleophile-reactive derivative is
readily reactive with nucleophiles, and can be used to form (i)
ether links with alcohol groups, (ii) ester links with acid and
alcohols or phenols, and (iii) peptide bonds with acid and
amines.

with the detector reagent used for the cardiolipin, the detector
reagent for the treponemal antigen can be applied from an
external source.

Also disclosed herein are kits for the diagnosis of syphilis.
These kits include a disclosed immunoassay device and

are provided:

instructions for applying the biological sample to the sample

A catalytic auxiliary nucleophile, such as l-hydroxbenzo

application area or the multi-well plate. The kit may also
include instructions for interpreting results of the test. In
some examples the kits include controls (such as a negative
and positive control), labeled anti-human antibody, such as a

triazole, N-hydroxysuccinimide, N-hydroxysulfosuccinim
ide, and N-hydroxy-5 -norbene-endo -2,3 -dicarboxamide may
be used to assist carbodiimide-mediated activation of car
35

boxyl groups to reduce possible side reactions, including

labeled goat-anti human IgG, a labeled goat-anti human IgM,

racemisation, and to increase reaction rate when using active

or both. In some examples the label is HRP. The kit can

esters.

include detection reagents (such as TMB) stopping reagents,
(such as 2 N sulfuric acid solution), wash solutions, diluents,

fatty acid side chains of oxidized cardiolipin may be activated

or combinations thereof. In some examples the kit includes a

For example, a terminal carboxyl group of one or more
40

lytic auxiliary nucleophile, such as N-hydroxysuccinimide.

Analyte:
An atom, molecule, group of molecules or compound of

diolipin autoimmune disease, such as lupus, in a subject by

analyzing a biological sample from the subject, by applying

by reaction with l-ethyl-3-(3-dimethylamino propyl)carbo
diimide followed, in some instances, by reaction with a cata

calibration curve for non-treponemal IgG and/ or IgM.
The disclosed immunoassay devices can be also used in
methods for diagnosing other disorders, such as an anti-car
45

natural or synthetic origin (e.g., drug, hormone, enzyme,

the biological sample to the device and detecting formation of
a complex among the anti-lipoidal antibody, the oxidized

growth factor antigen, antibody, hapten, lectin, apoprotein,

cardiolipin, and a detector reagent in the capture area. Detec
tion of the formation of the complex in the capture area

binding speci?cally to cardiolipin embodiments described

detects an anti-lipoidal antibody associated with lupus. In

cofactor) sought to be detected or measured that is capable of
herein. Analytes may include, but are not limited to antibod
50

ies, drugs, hormones, antigens, haptens, lectins, apoproteins,

some instances, one or more co-factors (such as [32-glycopro

or cofactors. In some embodiments, the analyte includes anti

tein I) are present (such as added to a sample) for the detection

bodies, such as anti-lipoidal or anti-cardiolipin antibodies,
produced in response to infection by T pallidum. In other

of lupus.

embodiments, the analyte includes anti-lipoidal antibodies
II. Abbreviations and Terms
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produced in response to any of (i) an autoimmune disease,
such as lupus, (ii) various venous and arterial thrombotic

BSA Bovine serum albumin

disorders, including cerebral infarction, (iii) deep venous

EDC l-ethyl-3-(3-dimethylamino propyl)carbodiimide
EIA Enzyme Immuno-Assay
ELISA Enzyme-Linked Immunosorbent Assay
HPLC High pressure liquid chromatograph
KLH Keyhole limpet hemocyanin

thrombosis, (iv) thrombocytopenia, (v) pulmonary embo

LFD Lateral ?ow device

immunoglobulin genes. The recognized immunoglobulin
genes include the kappa, lambda, alpha, gamma, delta, epsi

lism, or (vi) recurrent fetal loss with placental infarction.

Antibody:
A protein consisting of one or more polypeptides substan

tially encoded by immunoglobulin genes or fragments of

MES N-morpholinoethane sulfonic acid

NHS N-hydroxysulfosuccinimide
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lon and mu constant region genes, as well as the myriad of

NMR Nuclear magnetic resonance

immunoglobulin variable region genes. Light chains are clas

NTA: Non-treponemal antigen

si?ed as either kappa or lambda. Heavy chains are classi?ed

US 8,778,619 B2
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as gamma, mu, alpha, delta, or epsilon, which in turn de?ne

production are described in Harlow and Lane (Antibodies, A

the immunoglobulin classes lgG, lgM, lgA, lgD and lgE,

Laboratory Manual, CSHL, New York, 1988).

Antigen:

respectively.

A chemical orbiochemical compound, composition, struc
ture, determinant, antigen or portion thereof that can stimu

The basic immunoglobulin (antibody) structural unit is
generally a tetramer. Each tetramer is composed of two iden

late the production of antibodies or a T-cell response in an

tical pairs of polypeptide chains, each pair having one “light”
(about 25 kD) and one “heavy” chain (about 50-70 kD). The

animal, including compositions that are injected or absorbed
into an animal. An antigen reacts with the products of speci?c
humoral or cellular immunity, including those induced by
heterologous immunogens. The term “antigen” includes all

N-terminus of each chain de?nes a variable region of about
100 to 110 or more amino acids primarily responsible for

antigen recognition. The terms “variable light chain” (VL)
and “variable heavy chain” (VH) refer, respectively, to these
light and heavy chains.

related antigenic epitopes.

Anti-Lipoidal Antibody:
An antibody (such as lgM or lgG) produced by the immune

Antibodies are naturally produced in plants and animals in
response to antigens presented to the immune system. Natu

system of a subject (such as a human) in response to lipoidal
antigens present in a disease state, such as an infection. For

rally produced antibodies may be found, for example, in the

example, this term contemplates anti-lipoidal antibodies pro

serum of an animal. For example, a person infected with T

duced in response to lipoidal material released from host cells
as a consequence of T pallidum infection, and lipoprotein
like material and possibly cardiolipin released from tre

pallidum will produce antibodies at least against T pallidum

antigens and antibodies (anti-lipoidal antibodies) against
lipoidal material that results from the treponemal infection,
for example, from host cells damaged by the infection.
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Antibodies may exist as intact immunoglobulins or as a

number of well-characterized fragments produced by diges
tion with various peptidases or by recombinant DNA meth

ods. For example, pepsin digests an antibody below the dis
ul?de linkages in the hinge region to produce F(ab)'2, a dimer

25

ponemes. Anti-lipoidal antibodies may also be produced in
response to nontreponemal diseases in which lipoidal anti
gens are also present, including, for example (i) an autoim
mune disease, such as lupus (Harris et al., Clin. Rheum. Dis.,
11:591-609, 1985), (ii) various venous and arterial throm
botic disorders, including cerebral infarction (Harris et al.,

Clin. Exp. Rheumatol., 2:47-51, 1984), (iii) deep venous

of Fab which itself is a light chain joined to VH-CH 1 by a
disul?de bond. The F(ab)'2 may be reduced under mild con

thrombosis (Mueh et al., Ann. Intern. Meal, 92:156-159,

ditions to break the disul?de linkage in the hinge region
thereby converting the F(ab)'2 dimer into an Fab' monomer.

Dis., 11:591-609, 1985), (v) pulmonary embolism (Anderson

1980), (iv) thrombocytopenia (Harris et al., Clin. Rheum.

The Fab' monomer is essentially an Fab with part of the hinge

and Ali, Ann. Rheum. Dis., 43:760-763, 1984), or (vi) recur
rent fetal loss withplacental infarction (Derue et al., J. Obstet.

region (see Fundamental Immunology, W. E. Paul, ed., Raven

Gynaecol., 52207-209, 1985).
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Cardiolipin is one commonly known speci?c binding part

Press, N.Y., 1993). While certain antibody fragments are
de?ned in terms of the digestion of an intact antibody, it will

be appreciated that Fab' fragments or other antibody frag

ner of anti-lipoidal antibodies that are formed in response to
35

disease states, such as infection by T pallidum. Naturally

ments may be synthesized de novo either chemically or by

occurring cardiolipin has traditionally been used, often in

utilizing recombinant DNA methodology. Thus, the term
antibody as used herein also includes antibody fragments

combination with cholesterol and lecithin, in ?occulation
tests to detect anti-lipoidal antibodies, for example, in the
serum of T pallidum-infected patients.

either produced by the modi?cation of whole antibodies or
synthesized de novo using recombinant DNA methodologies.
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Antibodies may be monoclonal or polyclonal. Merely by
way of example, monoclonal antibodies canbe prepared from
murine hybridomas according to the classical method of
Kohler and Milstein (Nature 256:495-497, 1975) or deriva
tive methods thereof. Brie?y, a mouse is repetitively inocu
lated with a few micrograms of the selected analyte com
pound (or a fragment thereof) over a period of a few weeks. In
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carrier molecule to increase the immunogenicity and/or sta
bility of the analyte in the animal system. The mouse is then

sacri?ced, and the antibody-producing cells of the spleen
55

comprising aminopterin (HAT media). The successfully
fused cells are diluted and aliquots of the dilution placed in
wells of a microtiter plate where growth of the culture is
continued. Antibody-producing clones are identi?ed by
detection of antibody in the supernatant ?uid of the wells by
immunoassay procedures, such as ELISA, as originally

sphere is at least about 25% argon, at least about 30% argon,
at least about 40% argon, at least about 50% argon, at least
about 60% argon, at least about 70% argon, at least about 75%
argon, at least about 80% argon, at least about 85% argon, at
least about 90% argon, at least about 92% argon, at least about
95% argon, at least about 98% argon, or at least about 99%
argon.
Attachment Molecule or Protein:

A peptide or other molecule (e. g., atom, molecule, group of
molecules, protein, polymer, or compound of natural or syn
60

thetic origin) that can be directly or indirectly linked to car
diolipin as described herein to facilitate attachment of the
cardiolipin to a solid support. In some embodiments, the

attachment molecule-cardiolipin linkage is formed via car

described by Engvall (Meth. Enzymol. 70:419-439, 1980),
and derivative methods thereof. Selected positive clones can

is created for the purposes of performing a chemical reaction.
An argon atmosphere may be created in any closed vessel
useful for performing chemical reactions by ?ushing the reac
tion vessel with argon gas to displace the atmosphere then
existing inside the vessel, and thereafter maintaining a ?ow of
argon gas su?icient to maintain an atmosphere inside the
reaction vessel substantially comprising argon gas. An atmo

sphere substantially comprises argon gas when the atmo
50

some instances, it will be bene?cial to use an adjuvant or a

isolated. The spleen cells are fused by means of polyethylene
glycol with mouse myeloma cells, and the excess un-fused
cells destroyed by growth of the system on selective media

Argon Atmosphere:
An atmosphere substantially comprising argon gas, which

Anti-lipoidal antibodies for use in some embodiments of
the methods and devices disclosed herein can be of any deri
vation, but most often will be found in the serum of a subject.

boxyl groups in oxidized cardiolipin, and/or optionally uti

be expanded and their monoclonal antibody product har

lizes a linking group.
Suitable attachment molecules include, but are not limited

vested for use. Detailed procedures for monoclonal antibody

to polypeptides, proteins, or peptides such as albumin,
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